Introduction
Hydrochloric acid solutions are widely utilized in oil well acidification, removal of scale and rust in metallurgy, acid pickling, de-scaling and cleaning of boilers in industrial processes. During this time, Al surface is greatly affected by corrosion. [1] [2] [3] [4] To hinder the effect of hydrochloric acid solution on the electrode surface, corrosion researchers added inhibitors to the hydrochloric acid solution during the several industrial processes. Application of inhibitors as corrosion inhibitor is the simplest and viable technique to protect the Al surface in a hydrochloric acid environment. Al metal treatment with synthesized compounds has been planned to enhance the anticorrosion action.
In practice, copious synthesized species are being applied for the prevention and control of Al disintegration in hostile fluid systems. These synthesized species strongly defending the Al surface from the acid solution by forming the adsorption film on the metal surface via active centres existed in the species. The inhibition capacity mainly depends on the nature of synthesized species, nature corrosive environment and nature of the metal.
Several classes of inhibitors are toxic in nature and noxious to the both environment and living creatures. Hence, these specific reasons strongly hinder their utility as corrosion inhibitors in several industrial processes. Because of increased environmental risks and awareness of health, many scientists (especially corrosion researchers) have paid more attention towards the effective non-toxic inhibitors. [5] [6] [7] [8] [9] [10] [11] [12] Green species (natural products) are cheaper compared to synthetic compounds. The electron-rich species molecules in the plants were extracted by simple methods. Previously, many researchers reported the green corrosion inhibition property of natural extracts on Al metal in hydrochloric acid environment. [13] [14] [15] [16] [17] [18] At present, the majority of Areca palm waste products (including Areca leaves) is disposed by burning, which generally results in loss of valuable plant nutrients and potential source of organic matter. The Areca leaves are a good source of organic dung. The use of Areca waste products, especially Areca leaves (dried) in the field of corrosion science has not realized in the world. Areca leaves extract mainly contains electron rich species molecules such as lignin, cellulose, ursolic acid, 3b acetyl ursolic acid and hemicelluloses. 19, 20 There is no report on potential corrosion inhibition property of Areca leaf extract for any central metal in any corrosive systems. Therefore, in the present case, we selected Areca leaf extract for the protection of Al surface from hydrochloric acid solution. The experimental methods such as gravimetric (mass loss), potentiodynamic polarization (Tafel curves) and impedance techniques are used to explain the Al corrosion inhibition mechanism. Further, scanning electron microscopy (SEM) and atomic force microscopy (AFM) tool was employed for the Al surface study in uninhibited (without Areca leaf extract) and inhibited (with Areca leaves extract) conditions. Table 1 represents the chemical composition of Al-type. 21 The Al surface was polished with sandpaper in order to get smooth and rust free surface. Dust particles on the Al surface were removed by treating the Al surface with acetone. Finally, wiped aluminium metals are carefully stored.
Experimental Section

Material Preparation
Preparation of Green Inhibitor
and 6 g L -1 of inhibitor concentration were prepared by extracting the 180 g of Areca leaves powder with 350 mL of acetone in Soxhlet extraction chamber for 7 h.
The presence of functional groups in the Areca leaf extract was examined by Fourier-transform infrared spectroscopy tool.
Weight Loss Measurements
The cleaned and pre-weighed Al surface was suspended in uninhibited and inhibited systems. The loss in the weight of Al metal with respect to different immersion time (1, 2, 3, 4, 5 and 10 h) and different solution (0.5 M HCl) temperatures (303, 308, 313, 318 and 323 K) were noted. The experiment was repeated three times in order to confirm the truth of the results until the concordant value was obtained. The Al corrosion rate in mild penetration per year was calculated by 
where W2 = Al weight loss in protected state and W1 = Al weight loss in unprotected state.
The Al surface topography after treatment with 0.5 M HCl and 0.5 M HCl plus Areca leaf extract were examined through SEM and AFM technique.
Electrochemical Measurements
The electrochemical tests (CHI660C work station) were carried out by three electrode configurations (Al = working electrode, pt = auxiliary electrode and calomel = reference electrode). For potentiodynamic polarization technique, potential of ±200 mv was applied with scan rate 0.01 V/s. Impedance study was carried out with the frequency of the range in between 10 5 to 1 Hz using 0.01 V amplitude. The electrochemical experiment was repeated and concordant values were reported.
Results and Discussion
Weight Loss Technique
The loss of Al weight sample in 0.5 M HCl system with and without various Areca leaves extract concentrations at different immersion period and solution temperature was evaluated. Tables 2 and 3 represent the results of mass loss (gravimetric RESEARCH ARTICLE N. Raghavendra and J. Ishwara Bhat, 31 S. Afr. J. Chem., 2018, 71, 30-38, <http://journals.sabinet.co.za/content/journal/chem/>. of Areca leaf extract. The number of species adsorbed on the Al surface was increased with increase in Areca leaf extract concentration. Hence, maximum protection was achieved at 6 g L -1 of Areca leaf extract. The increase in Al immersion time leads to increase in corrosion rate values (decrease in protection efficiency values), which is probably due to adsorbed Areca leaves extract species on the Al surface undergo degradation (desorption) and protective film loses its stability leaving the Al surface in unprotected condition. Hence, the greater Al surface is attacked by corrosive ions (hydrochloric acid). Therefore, high Al dissolution was observed with increasing the immersion time from one hour to ten hours. It is also observed that the Al corrosion rate in hydrochloric acid solution enhanced with an increase in temperature; this may be due to increase in desorption rate and decreased desorption rate of Areca leaves extract species on the surface of metal. The desorption process weakens the Al-Areca leaves extract interaction. As a result, protection efficiency decreases with increases in solution temperature. 23 Activation energy (Ea) values can be identified from the Arrhenius plots of aluminium corrosion rate (Fig. 1) . Transition state plot (Fig. 2 ) was used to determine the activation enthalpy (DH*) and activation entropy (DS*) values. The obtained activation parameters are placed in the Table 4 .
The greater activation energy values in the protected system as opposed to unprotected system recommended that adsorbed inhibitor species on the Al surface leads to increase the energy barrier of electrode (Al) dissolution, resulting in the reduction of Al dissolution in 0. the Areca leaves extract and the Al surface can be studied by adsorption models. Surface coverage (q) values obtained from the gravimetric method were used to study the different adsorption model. In the present investigation, the surface coverage and inhibitor concentration values are fitted well to Langmuir adsorption model (Fig. 3) . The various thermodynamic parameters obtained from this plot are shown in Table 5 . Figure 4 shows the Tafel curves 24, 25 (cathodic and anodic) for unprotected and protected system after the stabilization period in the 0.5 M HCl condition. The anodic (ba) and cathodic (bc) Tafel constants, corrosion current density (i corr ) and corrosion potential (E corr ) values are obtained Tafel plots. The ability of an Areca leaf extract toward Al corrosion inhibition (protection efficiency) was evaluated by following relation, Protection efficiency = 1 100
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Electrochemical Measurements
Potentiodynamic Polarization (Tafel Plot)
where i'corr = Al corrosion current density value in 0.5 M HCl plus inhibitor condition and icorr = Al corrosion current density value in bare condition.
All above data are presented in Table 6 . The shape of potentiodynamic polarization curves (Tafel curves) is same in both unprotected and protected systems, but the plots are moves towards lower i corr values in the protected system (with the addition of different concentrations of Areca leaf extract), which confirming that the species of Areca leaves extract retard the Al corrosion rate by adsorbing on electrode surfaces. Hence, protection efficiency increases with increase in Areca leaves concentration. The molecules of Areca leaves extract causes marginal changes in the corrosion potential, anodic and cathodic Tafel constant values with respect bare solution, implying that Areca leaves extract inhibit the both anodic and cathodic reactions (mixed inhibition property) of Al in 0.5 M HCl system through the adsorption mechanism.
Impedance Spectroscopy Technique
The Nyquist curves 26, 27 for Al obtained without and with Areca leave extract concentrations in 0.5 M HCl solution at laboratory temperature are represented in Fig. 5 . The obtained plots are not semicircle due to roughness and non-homogeneity of Al surface. The charge transfer resistance (R ct ), surface heterogeneity factor (n), frequency (f max ), chi-square (c 2 ) values and double layer capacitance (C dl ) values are obtained from Nyquist plot and are presented in Table 7 .
From the charge transfer resistance values, the corrosion inhibition efficiency was calculated according to the following equation, (4) where, Rct = value of charge transfer resistance in inhibited free system, and Rct(inh) = value of charge transfer resistance in inhibiting system. Quality of the fit was determined based on chi-square (c 2 ) values. In present study, the obtained chi-square (c 2 ) values are in between the range 0.001412-0.033260, which clearly indicates the proposed circuit is the best fit.
The data presented in Table 7 show that the value of R ct in 
FT-IR Spectroscopy
Functional groups in organic molecules play very important role in the metal corrosion inhibition process. FT-IR spectroscopy was used in order to investigate the functional groups present in the Areca leaves extract (Fig. 7) . The obtained results are shown in Table 8 . Figure 8a ,b shows the SEM images of Al after 2 hours immersion in 0.5 M HCl environment without and with Areca leaves extract condition, respectively. With no inhibitor (without Areca leaf extract), the Al surface was highly damaged due to direct attack by corrosive ion metal surface resulting in the large of cracks in the Al surface. With inhibitor (Areca leaves extract), the Al surface was significantly improved with smooth surface, indicating the reduction of the Al corrosion rate.
Surface Study
Scanning Electron Microscopy (SEM) Analysis
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Atomic Force Microscopy (AFM) Technique
It is observed that the reduction in the value of average roughness (S a ) and root mean square roughness (Sq) in inhibited system (0.5 M HCl + plant extract species) compared to bare system is an indication of lesser aluminium corrosion rate in inhibited state. Hence, the atomic force microscopy results (Fig. 9 a,b and Table 9 ) are fully favourable with the results of SEM studies.
Conclusions
Areca leaves extract acts as potential corrosion inhibitor for aluminium in a 0. RESEARCH ARTICLE N. Raghavendra and J. Ishwara Bhat, 36 S. Afr. J. Chem., 2018, 71, 30-38, <http://journals.sabinet.co.za/content/journal/chem/>. 
